
L

Cc

R

Data f1

f2

f2 f3
f3

f1

f
23

f4

Control

. . .

. . .

. . .

. . .

e

SESR SES
C

j

One cell

f1

f
2

f3

C
j

C
g

Single-Electron Switch
US Patent #5,838,021

2nm

Cluster-based Transistor1 0-9

1 0-8

1 0-7

1 0
-6

1 0-5

1 0-4

1 0-5 1 0-4 1 0-3 1 0-2 1 0-1 1 00

P
re

ss
ur

e 
S

en
si

tiv
ity

 
(A

/a
tm

)

Squares (L/W)

MIME

Scaled
MIME

S
p
 a W/L

Gold Nanocluster Electronics and Sensors

M.G. Ancona, A.W. Snow, E. Chang, S. Jhaveri, A. Mera, W. Kruppa, E.E. Foos, R. Rendell and D. Park

NRL Electronics, Chemistry and Bio-Molecular Sciences

Presenter:  Dr. Mario Ancona, NRL Electronics Division

What are gold nanoclusters and
how are they made?

Why are gold nanoclusters interesting?

  Easily prepared (first in ancient times).

  Surface chemistry well-known and easy to work with:

  Control over assembly on surfaces.

  Control over sensitivity/selectivity to chemical vapors.

  Electrical properties potentially very useful:

  Of "molecular" size yet act as simple metals.

  Quantum mechanical tunneling.

  Ultra-small capacitance => Coulomb blockade at 300K.

How are devices/sensors fabricated
from gold nanoclusters?

Why should the Navy/Marine Corps
be interested?

Near-term:   Ultra-small, ultra-sensitive, ultra-low-
power chemical sensors.

Long-term:   Ultra-small, ultra-low-power electronics.

Basis of Operation: Tunneling Sensor Characteristics

Chemiresistor Scaling The Future

Basis of Operation: Coulomb Blockade Electrical Characteristics

Novel Assembly Schemes The Future

Gold Nanocluster Sensors Gold Nanocluster Electronics
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Simulation

Experiment

MSI, Inc. & NRL (for DTRA)
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Encapsulation

Ultra-small size of nanoclusters
     implies ultra-small capacitance:

  Room temperature operation.

  Strong nonlinearity at useful voltage.

Nonlinearity allows:

  Switching:  Single-electron transistor.

  Electron control:  Single-electron pump.

Potential for ultra-small-size and
ultra-low-power electronics.

Transport stripeFloating gate layer

SiO2

Au


